Objective: Postoperative ischemic colitis (IC) can be a serious complication following infrarenal abdominal aortic aneurysm (AAA) repair. We sought to identify risk factors and outcomes in patients developing IC after open AAA repair and endovascular aneurysm repair (EVAR). Methods: The American College of Surgeons National Surgical Quality Improvement Program database was used to examine clinical data of patients undergoing AAA repair from 2011 to 2012 who developed postoperative IC. Multi-variate regression analysis was performed to identify risk factors and outcomes. Results: We evaluated a cohort of 3486 patients who underwent AAA repair (11.6% open repair and 88.4% EVAR). The incidence of postoperative IC was 2.2% (5.2% for open repair and 1.8% for EVAR). Surgical treatment was needed in 49.3% of patients who developed IC. The mortality of patients with IC was higher than that of patients without IC (adjusted odds ratio [AOR], 4.23; 95% confidence interval [CI], 2.26-7.92; P < .01). The need for surgical treatment (AOR, 7.77; 95% CI, 2.08-28.98; P < .01) and age (AOR, 1.11; 95% CI, 1.01-1.22; P [ .01) were mortality predictors of IC patients. Predictive factors of IC included need for intraoperative or postoperative transfusion (AOR, 6; 95% CI, 3.08-11.72; P < .01), rupture of the aneurysm before surgery (AOR, 4.07; 95% CI, 1.78-9.31; P < .01), renal failure requiring dialysis (AOR, 3.86; 95% CI, 1.18-12.62; P [ .02), proximal extension of the aneurysm (AOR, 2.19; 95% CI, 1.04-4.59; P [ .03), diabetes (AOR, 1.87; 95% CI, 1.01-3.46; P [ .04), and female gender (AOR, 1.75; 95% CI, 1.01-3.02; P [ .04). Although open AAA repair had three times higher rate of postoperative IC compared with endovascular repair, in multivariate analysis we did not find any statistically significant difference between open repair and EVAR in the development of IC (5.2% vs 1.8%; AOR, 1.25; 95% CI, 0.70-2.25; P [ .43). Conclusions: Postoperative IC has a rate of 2.2% after AAA repair. However, it is associated with 38.7% mortality rate. Rupture of the aneurysm before surgery, need for transfusion, proximal extension of the aneurysm, renal failure requiring dialysis, diabetes, and female gender were significant predictors of postoperative IC. AAA patients who develop IC have four times higher mortality compared with those without IC. Surgical treatment is needed in nearly 50% of IC patients and is a predictor of higher mortality. (J Vasc Surg 2016;63:866-72.)
literature has shown limited results secondary to small sample sizes, making it difficult to form any conclusions. In addition, there is limited literature evaluating the difference between outcomes in open and endovascular re-pairs in regard to IC. These studies have demonstrated a higher rate of IC in open AAA repair compared with endovascular aneurysm repair (EVAR). 1-3 However, because of the small sample size and inability to perform proper multivariate analysis as well as to adjust for certain factors, further studies are necessary. Therefore, it has been hypothesized that the use of a large nationwide database will allow a deeper and more insightful analysis of patients suffering from postoperative IC. Finally, there is continued controversy about the necessity for reimplantation of the inferior mesenteric artery (IMA) during open AAA repair. 2 A number of studies have reported no benefit of routine reimplantation of the IMA in AAA repair. 4,5 However, there have been reports of decreased postoperative IC with selective implantation of the IMA during AAA repair. 6 In this study, we aimed to report on the incidence, risk factors, and outcomes associated with IC in patients undergoing AAA repair as well as to compare IC in EVAR vs open AAA repair and to investigate outcomes of the reimplantation or reconstruction of the IMA during open AAA repair.
METHODS
This study was performed using the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database 7 from January 1, 2011, to December 31, 2012. ACS NSQIP is a nationally validated, risk-adjusted, outcomes-based program to measure and to improve the quality of surgical care in the United States. 7 It allows the identification of 30-day postoperative surgical outcomes based on clinical data. The NSQIP database is exempt from requiring informed consent from individual patients and is covered within the individual hospital's patient consent forms. Approval for the use of the NSQIP patient-level data in this study was obtained from the Institutional Review Board of the University of California, Irvine Medical Center and NSQIP. Patients were identified who had under-gone open and endovascular AAA repair using the ACS NSQIP target and general files. The variables of the study were chosen from the list of the original variables within the NSQIP database for AAA repair. Overall, 3734 patients in NSQIP 2011 and 2012 databases underwent AAA repair and had documentation of the presence or absence of post-operative IC in their medical records; 248 patients who were identified as younger than 18 years were excluded from the study, leaving 3486 patients for further evaluation. We then separated patients who suffered postoperative IC from patients who did not develop the complication of IC.
Interpretation of the database. Postoperative IC was defined according to the NSQIP definition: if there was a report of a sigmoidoscopy or colonoscopy performed after the AAA repair documenting ischemia of the colon wall or if the discharge summary or inpatient medical record indicated that the patient had postoperative IC. In regard to the management of the IMA, this was defined according to the following definitions in the surgeon's operative report: suture ligation from within the aneurysm sac; external ligation of the IMA close to the AAA wall; over-sewing of the IMA; or tying of the IMA. For endovascular cases, the definition for IMA occlusion was the absence of "back bleeding" from the IMA noted in the surgeon's operative report. For the cases in which the IMA was reimplanted, key words included "the IMA is reimplanted (anastomosed) to the aortic graft."
Preoperative factors that were analyzed included patient age, sex, race, and nine comorbidity conditions, which included congestive heart failure within 30 days before surgery, pre-existing renal failure requiring dialysis within 2 weeks before surgery, diabetes mellitus, weight loss of >10% in the last 6 months, steroid use for any chronic condition, history of severe chronic obstructive pulmonary disease, current smoking status within 1 year, moderate or severe dyspnea, and hypertension requiring medication. Other factors analyzed included rupture of the aneurysm before surgery, need for intraoperative or postoperative blood transfusion, need for >4 units of packed red blood cell transfusion before surgery, admission type (emergent vs nonemergent), proximal extension of the aneurysm (suprarenal vs infrarenal), operative technique (open vs endovascular), IMA patency (chronically occluded, reconstructed, or ligated during surgery), hypogastric artery revascularization, hypogastric artery embolization, aortic aneurysm diameter, and aortic clamp location (suprarenal vs infrarenal). Outcomes analyzed included mortality and hospitalization length. The overall rate of postoperative IC by procedure type (open vs endovascular) was examined, and subanalysis of the data to find risk factors in both groups of open repair and EVAR was performed. Risk-adjusted analysis was performed to identify independent predictors of postoperative IC after AAA repair.
Statistical analysis. Statistical analysis was performed with SPSS software, version 22 (IBM Corp, Armonk, NY). Logistic regression was used to describe the weights assigned to variables that best discriminate patients with IC from those without. P values < .05 were considered statistically significant. For each variable, the adjusted odds ratio (AOR) with a 95% confidence interval (CI) was calculated and reported to estimate the relative risk. All variables that had significant association with postoperative IC by univariate analysis or had significant difference rates between EVAR and open AAA repair groups by univariate analysis were entered in logistic regression for multivariate analysis. Adjustments were made for the nine comorbid conditions. Logistic regression was also used to adjust risk of mortality in the presence of an IC complication.
RESULTS
In 2011 and 2012, 3486 patients underwent AAA repair (11.6% open repair and 88.4% EVAR). The mean age of patients was 74 years, with a standard deviation of 9 years; 64.9% of patients were older than 70 years. The majority of patients were white (87.3%) and male (78.7%). However, female patients had higher rates of ruptured aneurysm (4.7% vs 4.5%), proximal extension of the aneurysm (5.8% vs 4.8%), and chronically occluded IMA (3.1% vs 2%) compared with male patients. Most common comorbidities included hypertension (79.9%), chronic obstructive pulmonary disease (19.9%), and diabetes mellitus (15.1%). Complete demographic data of patients are reported in Table I .
Patients who underwent open AAA repair had 4 days longer mean hospitalization compared with patients who underwent endovascular repair (95% CI, 3-5; P < .01). Also, patients who underwent open repair had higher rates of diabetes, emergency admission, preoperative packed cell transfusion >4 units, intraoperative or postoperative transfusion, ruptured aneurysm before surgery, proximal extension of the aneurysm, and aortic aneurysm diameter >7 cm (Table II) .
Of the patients who underwent AAA repair, 75 patients (2.2%) developed postoperative IC. Incidence of IC in open AAA repair and EVAR was 5.2% and 1.8%, respectively. The complication was diagnosed in the majority of patients in the first 4 days after surgery (77.3%), and only in 7.5% of cases did the complication present after the first week of surgery (Fig) . The median time of diagnosis of IC for both open and endovascular AAA repair was postoperative day 2. For patients who suffered from IC, the mean length of stay in the hospital was 20 6 22 days, whereas for patients without IC, it was 5 6 7 days. The adjusted mean difference in hospitalization was 12 days (95% CI, 9-13; P < .01).
In patients who underwent an open AAA repair, 43 (10.64%) had a chronically occluded IMA, of whom 2 (4.7%) had postoperative IC. Ligation of the IMA was performed in 150 patients (37.1%), of whom 11 (7.3%) developed postoperative IC. Ligation and reimplantation of the IMA was performed in 23 patients (5.7%). None in this group developed postoperative IC. Visceral (superior mesenteric and celiac) revascularization was performed in 16 patients (4%) undergoing open AAA repair, of whom 1 (6.25%) developed postoperative IC.
The unadjusted mortality rate in patients with or without IC was 38.7% and 4.3%, respectively. The adjusted risk of mortality in patients with IC was estimated to be more than four times than in those patients without IC (AOR, 4.23; 95% CI, 2.26-7.92; P < .01). Medi.an, )'IC~ 7 1 74 Czt.~ ,-:a,ubk:a ll't. pl'csc.ntcd u nll!nbc.r , -.).
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Hypogastric revascularization was performed for 134 patients (4.3%) who had an EVAR. Despite hypogastric artery revascularization, three patients (2.2%) developed IC, of whom one patient required subsequent bowel resection. Also, hypogastric embolization was performed for 191 patients (6.2%) who had EVAR, of whom 2 patients (1%) developed IC.
In multivariate analysis with risk adjustment, six variables were shown to significantly discriminate between patients with and with postoperative IC. These included gender, renal failure, need for intraoperative or postoperative transfusion, diabetes, proximal extension of the aneurysm, and rupture of the aneurysm before surgery (Table III) """ •nur- 
DISCUSSION
Postoperative IC after AAA repair is associated with a poor prognosis, significant mortality risk, and increased hospital length of stay. The in-hospital mortality rate of patients undergoing AAA repair who suffer from postoperative IC was more than four times higher on an adjusted basis than that of patients who did not develop IC. Similar to previous studies, IC was also found to be significantly associated with increased mean hospitalization length of the affected patients (mean difference, 12 days; 95% CI, 9-13). The median time to diagnosis of IC was postoperative day 2, with the majority of patients being diagnosed within the first 4 postoperative days (77.3%). This is the most critical time in a patient's hospitalization when physicians must be aware of this significant complication (Fig). EVAR has the contemporary rate of 88.4% of all aortic aneurysmal repairs. This is in line with previous reports that demonstrate a significant shift toward an endovascular approach in the repair of infrarenal AAA.8,9 Albuquerque et al9 reported that 84% of AAA repairs were performed with EVAR between 2005 and 2008. Our data, which represent the largest to date on this topic, demonstrate that six perioperative variables in multivariate analysis are associated with IC (renal failure, proximal aneurysm extension [suprarenal] , ruptured aneurysm before surgery, diabetes, bleeding disorder, intraoperative or postoperative transfusion). Also, this study confirmed the previously reported association between the development of IC with aneurysm rupture and preoperative renal insufficiency by literature.1-3,5,10 The strongest associations AOR, Adpml c,ddo r.aaa,; <"J,can&.-la,« tn<U'4l.
between IC and the risk variables were intraoperative or postoperative need for transfusion and rupture of the aneurysm before surgery. Because of the inability to reduce the nature of the reported risk factors, it is difficult to determine protective methods. Reimplantation of the IMA during open repair and revascularization of the hypogastric artery during EVAR in patients with multiple risk factors may decrease the risk of postoperative IC; however, further studies on this topic are necessary.
Our data on patient-specific factors show that female gender has a higher risk of postoperative IC compared with male gender. This is consistent with other reports of higher incidence of IC in female gender.3,10 Surprisingly, this study found higher rates of ruptured aneurysm, proximal extended aneurysm, and a chronically occluded IMA in female patients at the time of surgery. Further studies are indicated to identify if anatomic or disease-specific factors in female gender affect the likelihood of postoperative IC.
We also found the comorbidity of renal failure to be strongly associated with postoperative IC. Patients with renal failure have more than five times increased risk of postoperative IC. This is in line with the report of kidney dysfunction as an independent predictor of IC by Becquemin et al.1
Rupture of the aneurysm before surgery and need for intraoperative or postoperative transfusion were the most important perioperative factors that increased the risk of IC by more than four times. The associations may be related to the interruption of IMA blood flow in patients with ruptured aneurysm or need for transfusion. Patients with chronically occluded or ligated IMA during surgery have higher incidence of postoperative IC. Although patients with occluded or ligated IMA had a higher incidence rate of IC in the multivariate analysis, we could not demonstrate statistically significant associations between occluded or ligated IMA and postoperative IC. This can be related to the limited number of patients who had an occluded IMA or who had IMA ligation during surgery in this study. It also demonstrates that the majority of patients had collateral blood flow, which is able to perfuse the distal colon without the IMA.
Patients who had reimplantation of the IMA did not have any report of postoperative IC. However, in multivariate analysis of the data, we could not find that reimplantation of the IMA was a protective factor for development of IC because of the limited number of patients. Previously, Senekowitsch et al10 evaluated 160 patients who underwent AAA repair and could not find any significant difference in risk of postoperative IC in patients who had reimplantation or ligation of the IMA. However, the authors concluded that reimplantation of the IMA does not increase perioperative morbidity or operation time, and they suggested reimplantation in older patients and patients with increased intraoperative blood loss. Considering that almost all of the risk factors for IC introduced by this study are not reducible, discovering the role of reimplantation of the IMA is important. High-risk patients may benefit from reimplantation of the IMA, and further studies are indicated to determine if reimplantation of the IMA in high-risk patients undergoing open AAA repair can decrease the rate of postoperative IC.
Conversion of endovascular repair to open repair is associated with higher mortality and longer hospitalization. Although no patients who underwent a converted procedure developed IC in our study, mortality risk of such patients increased by more than seven times. Further studies are indicated to evaluate the association between the reasons of endovascular procedure conversion and mortality of patients.
Among patients who developed complications of IC, elderly patients who need surgical treatment had the highest mortality rate. Nonsurgical management was performed in half of patients developing IC (50.7%), and surgery was performed in 49.3% of patients. Need for subsequent surgical treatment was the worst prognostic factor, which correlated with an increased mortality of patients by more than seven times. In line with the literature, age was also found to be significantly associated with increased mortality of patients.3
Study limitations. This study is a retrospective review and is therefore subject to the inherent biases for retrospective studies, such as selection bias. Data in this study were extracted from the NSQIP database, which collects data from >500 hospitals in the United States with a wide variety of hospital settings and surgeon expertise, which can affect the results. Patients in this study did not form a homogeneous group because of the different indications for open AAA repair and EVAR.12 The NSQIP database did not provide information on whether the visceral or hypogastric revascularizations were performed at the time of the initial operation or were done sometime within the 30-day postoperative course. There were a significant number of unreported cases regarding patency of the IMA during open repair, which also limits the conclusion for this topic. Even though postoperative IC occurred at a higher rate in patients who had a ligated IMA, in multivariate analysis we did not find statistically significant associations between the patency of the IMA and postoperative IC because of the limited number of patients. Also, details were not available in patients undergoing hypogastric revascularization as to whether a branched iliac device or internal-external iliac bypass was performed or of the patency of the revascularization postoperatively. Finally, the NSQIP database extends to only 30 days postoperatively, and therefore long-term complications cannot be measured. Despite these limitations, this study is the first to report on postoperative IC in AAA repair in this population subset.
CONCLUSIONS
AAA operations complicated by postoperative IC are uncommon (incidence rate of 2.2%) but carry an associated mortality rate of 38.7%. Although the frequency of IC in open AAA repair was nearly three times greater than in EVAR, after adjustment using multivariate analysis, there was no statistically significant association between open repair and postoperative IC compared with endovascular repair. Close surveillance of patients, especially patients with multiple risk factors in the first 4 days after surgery, is recommended because 77.3% of patients were diagnosed in the first 4 days after the procedure. Considering the unreducible nature of many of the reported risk factors in this study, reimplantation of the IMA during open repair and revascularization of the hypogastric artery during EVAR in patients with multiple risk factors
